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^S^^l-g- w>oll-sl- l-Eflol^ ^ ;^flS{Materials for bipolar plate and other 

metal parts for fuel cell} 
[t^^ ^^^^ ^^1 

^*fl n^^S. o]^t}jL, ofli^^cHlAi :f-^>a^ ^q^.^^ sj^ofl 

tq-. ^>-§-5l^ ^«fl€^ #^<H1 ttl-Bl-, #5^^ ^n^^ <^^>l^l (PEMFC: polymer 

electrolyte membrane fuel cell), 91^ '^S.^^] (PAFC: phosphoric acid fuel cell), -g-§-^ 

^S^^KMCFC: molten carbonate fuel cell), <?lJL^;^l (SOFC: solid oxide 

fuel cell) -g-^S. ^^m. ^ ^cf. '^leitb -^^^^l^l ^^ofl icfe:)-, «.^o:| 
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<4> ZL ^ PEMFC^, ^^^^1^ tiling ^ 80 ~ 120t:<^l^i ^ 

-^^ ^ 9X^^, °fl4- ^ oj7] nfl^cil, ^>:g-^>-g-, 7>^^-g- ^^^^ 

^1- ^A7> ^9] ^>i47> w>S. wl-ol^e^- #5flo]H (bipolar plate)^^. 

<5> PEMFCL ^^^^A^^^i^ w>oll-5l- #Eflo]H, MEACmembrane assembly electrode) 

o] oitq-. MEA^, '^S.^ ^s[7} <^fli^:^, -ar^l-;^!^ ^^-^l n^^, ^ ^fli^ 

7fl4i:E A>oioii :¥i^i^>^ i^t!:4. ^«fl^^^. <^flii:£<^lAi ^S^^^ 

# -7fl^ = ^ ^^^1717] y}^]^, oflin:^^ ?fl^:Bl- ^;^f^<SAi7l7l ^^.v 

^fe channel)* ^Hl^>iL $X^^ , MEA ^^><^l^-i- ^t!- ^;^>^-£^l^^-i- 4 
S^-^i, WH#S1- ^eflolBfe, ^M-^ ^711- ^5^^ ^ sx^^ Hlcf^A^clo^o) ^>Jl, ^7]^S 

^11- €-^^(clamping)3^>^ ^^tl: 7l7jl^ 7>;?io]: ^ ^^T?]-<5>q e)-, ^ 

<7> ^Eflofl. PEMFCSl u]-ol§5| #eflolH^ 7l]^S.Ai^ ^s. n^s^o]^ ^^o]^ (graphite 

plate)7> Al-g-s|^o.T3^, <>1«fl, ^ ^7l -a-S^ ^S. (mil ling) 
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7}^^] ^^i^S^^. n^s^o]^ s-eflolH^ ^7l;5ii^^<^l ^^<^1 ^^^] 

^^1^, HHflsl-olH #efl<ilB ^Hl^ 7>^32}- 7>^til^ a><^l€&l- €5ll<^lB^ 

7^3^ A<?10.S 2]-§-*>Jl 7llrf7>. ZLSflBl-<^lH 7flxl7l ^7] nfl^ 

2 ~ 3mm o]^}o^ ^v\]s. 7}^t}7]7} -%-o]^^] ^cf. o]e^^ neflsj-olHTfl wfol^g^- s-eflolH 
^ ^^^1^ ^ ^ ~ ^ «J^7fl^ ^^^^1 (unit eel OS. ol^o^^l^ '^S.^^] 

(stack)^ 3711- #o]^ c^l^ 9X^. 
<8> ^efl'^lBfil 7>^Hlfi^- ^^^l-l- #o]7l ^t!: cfl^^S^i, ft^-JL^;^]- ^^^cfl^* 

<9> ^^V^ ^-f. <y-^^^^ (compression molding) ^]-#-^^ ^ ( inject ion molding) 

w>ol#5l- #5flolH^ -g-olSfl^lJl 7>^til7> o;[^ln>, ^7]^ 

<io> :f^>o^ ;g-o ^ A>-g-^ ^^o^ ^^^S. 91^}^, ^i--2.<g (membrane poisoning)^^ ^ 

9X:^, 7>^til7l- Dfl^ ;^-1^^>4. PEMFC^l ^V^^l^e^- ^efloiEo| 

7ll^7> cfl^l^ , uVol^ej. ^eflolEo^ 7}^ o. ^/;^qq 0]^}^ x^o]^ ^o.^ o^]^i- 

#eflolH^ ^m^^i ^V-§-^7loll -^^^^V ^o.s. <^3^;^ cr^c^, ofl^ s.^^ ^n^l^^y^, Ti 

Ni ^-^i AV^^H «><^l€e^- ^ll-§-tb PEMFC^. 1000 -^llb 

Al^oijA-l. nEflsj-oiH aH^B^- s-e^joiHl- ^fl-g-tb ^^^^1 ^^^^ :a<y4. 
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<ii> tij-oj^el- l-eilo]H^ *J=^>^l?l7l ^^}^, ^^^^^ 3.^^ ^-g-e> 

^^^^ ^^<H1 Sic>lA-l cf^l ±,^o^ :^^ol ^7ll^>i:-1s^-£, ZL ^ ^-^ofl^i ^1^ 

S^fe ^1^^^<^1 n:}-2l- wM^^I- ^5flolH<^l ^^^o.^ ^^^a] 

^^^] 3.7]] ^el-^cf. PEMFC^ ^S. ^1= 80 ~ ^ 120°C), ^7lS)-^v ^ 

A^^^S]^ AVA^^ ^^M^ wV^l^s]- -^^'Hl^i^ ^ 

^^(acidic) MEASsf w>ol€e^■ #eflolH^ ^#-^5. 9lt}c^ wHl-ef l-Efl^^lHofl ^'^^sl^ 

3efltil>i(crevice). -^o] ^^o^ yj-^A] ^cf. ojel^V ^^<Hl-H <a^€^l^ 

^-^l: ^ ^^^t}^ tifl-f o^^cf. 

<13> W>ol§H^. ^eflolEo^ W>oll-Hl- #EflolE ^>^lo^ -^^^1^ <5> 

SI'S, ^n^^ ^^o]^^^^7} 7^^}s\ji, n.o\] xx].^ -a^^^lsl A^^S. ^is^V^cf. 
<i4> ti>oi^E]- ^eflojEs]. Aj.7]o^ i^o^^ oji^ ^efloiH. ^eflojE ^ ^el^^oi] 
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<i6> ^^Hl^i ^ 9X^ wvsf ^o], x^z^- ^e^oie^, n <^igoii^ ^ 

<i7> tg-^ ^<>H1^i ^ 'a:^^ ^<^1, «><^l#e^■ #efl<^lS tfl^<Hl 

ofli^jBSq- 7lj4i^^ ^-§-#, ^^1 7l^lO}-§-l- (d^l* s-ig^ A].^^ ^5^21 

^S. ^E^S^H, ^^^>^ ^7l^O.S <^^^1^1^ ^V^:^. ZLoll 7> 

<18> ^l^^V^l PEMFC^^ :^-?-<^l cfl^rVo^ w>o]^s^- s-efloi^o:) s>^^l t?]:, w> 

ol#5^- l-2^1olB<Hl n&l^ PAFC, DMFC tflsflA^s. :g-<^§l-7fl ^^Stb^. 
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E^* ;^1^^V^ ^B.o\] ^<y^>^ ^ ^HhIe^ iflo^ ^7] -g-^-gr. 

<23> JLM]^^^2] W]^^^ ^^^^ T^S.^] Ul^>0^ 7l7jla^ ^ i^^-AlA^o] 

^1 ^ o.^ i^-^^cf. St!:, til^^ <:^1» 1-^ ^ 750lC5il- tiling ^-l^-^l^i 

^^11^ ^ #21-^^ (plastic) #^(molding)-2-S. ^^^^ ^ 9X^S. 

^2fls] ^^7fls wMi-ei. ^efloiH^^ 7>^J- 4]^^ ^^1^^ -^^^^^ ^ 

aH^H]. ^eflolE^cf ^ c-]^ 7l-a^^ -^Tfll- ^ S^sL^^l^ 

-^.-B-^l-Ji Si-^H.^., ZL2fl2}-olB l-eflojE^c^- c-l^ jLolf^^S. ^^^^1<^1 ^-g- 



91^. <^]^ ^7l^££, 13:^^*1:^1, 51-^^^^, 7}^ #<H1 cfl 



ojH avoids!- #eflolH ^^^^ ^^^cV. 

<26> ^^-112^ o.^^, PEMFC<^1 A]-§-slfe aV^l^el- l-eflojE ^]]^^ ^^V^ o.^, lO"? [mbar 

•l]/[s- cm2] o]^}o^ 7}^ ^^5.. 10 S/cm oj^V^ ^7l^££, 20 W/[ni-K] oj^Vo] 
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<27> ^ ^^^<^iA-i A>-g-7>^t!- wi^^ ^^<^i ^^H ^ttb <^i» 1- 

^. cf^^ wl^^ ^^ol AV-g-^ ^ o;ic]-. 
<28> 1^1^^^ ^15,288,344^<:'11 71)^1^ 2:-^^^ al^^^ ^^o] AV-g-^ ^ ojcf. o] 

<^1^, (Zri-xTix)aiE'ma2(Cui-yNi y)biLTMb2Bec ^ S)-^^ o.^ K^]^^ ^]^^^ ^^o] 7]\^]s\o] 
9X^^, ^M, X ^ €^>#-i:<^li, al, a2, bl. b2 ^ €^>%<>H , ETM^ V. Nb. Hf ^ 
Cr ^<^l^i ^o^i s:>i4s^ St^oj^^Cearly transition metal Cr^ -S^V 

^-i:^ 0.2al ols:>oli3^, LTM^ Fe, Co, Mn, Ru, Ag ^ Pd ^^^l^ ^^^l^^Clate 

transition metal)oli^, a2^ 0 0.4al<^]^, 0 ^fl^l 0.401°^, 0 1<>M . (i) 

x7l- 0 0.1591 ^^^]^, (al+a2)^ 30 75%, (bl+b2)^ 5 Lfl:^l 52%, b2^ 0 
25%, 6 xfl^l 47%olJl, (ii) x7> 0.15 0A91 ^-f<^l^, (al+a2)fe 30 ^41^1 75%, 

(bl+b2)^ 5 52%, b2^ 0 25%. 5 47%olx4. o] Al , Si, Ge, lE^ B 

<29> ^]^^^ ^15.288,344^<H1^ att, (Zri-xTix)aiETMa2(Cu i-yNiy)biLTMb2Bec ^ 

iL^lS]^ til^^^ ^^o] 7^X\s\o] ^^cfl, olrtfl, X ^ ^^V^^^l^l, al, a2, bl. b2, b3 
^ ^^>%<^li^, ETM^ V, Nb, Hf ^ Cr ^ofl^i ^^s)^ ^o]s. 9J:^ol^^(ear ly 

transition metaO^lJl, ^l^^ Cr^ ^;^>^^^ 0.2al ol^V^lo^, LTM^ Fe. Co. Mn, Ru, Ag ^ 
Pd ^'Hl^i ^^5]^ ^^oj^^Clate transition metal)olD^, a2fe 0 vfl^l 0.4alc'lJl, 0.4 
^^1 l^H, y^ 0 ifl^l loM, (bl+b2)7> 10 ^:^] 4391 3c^ (100-bl-b2) <il*>olji, 

(i) x7l- 0.4 i^^l 0.6^ (al+a2)^ 35 75%, (bl+b2)^ 5 tfl^l 52%, b2^ 0 vfl 
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^1 25%, 5 tfl^^l 47%olJl, (ii) x7> 0.6 i^^l 0.8«?1 ^^o]]^, (al+a2)^ 38 75%. 
(bl+b2)^ 5 i^^l 52%. b2^ 0 i^^l 25%. 5 ifl^l 42%<^lJl. (iii) x7> 0.8 191 ^-f<^l 

^, (al+a2)^ 38 ^^1 75%, (bl+b2)^ 5 ^^1 52%, b2^ 0 i^^l 25%. 5 vfl^l 30%oltq-. o] 
Al, Si, Ge. Bl- xi\ j£^^ ^ ojcf. 

<30> D]^^^ 5, 288, 344:^011^ (Zri-xTix)a(Cui-yNi y)bBec ^ ^-^^^S. 

wl^^^ ^-^o] 7flAl£)cH SX^t^], <^H, X ^ ^;^>^#<^l:il, a, b ^ 0 

0.4010^, 0 ^^1 1^]^. (i) x7> 0 ifl^l 0.15'y ^^<H1^, a^ 30 ifl^^l 75%, b^ 5 
vfl^l 52%, 6 tfl^l 47%olJL, (ii) x7l- 0.15 vfl;^] 0.4^ ^-f<^l^, a^ 30 vfl^] 75%, b^ 5 
ifl^l 52%, 5 vfl^l 47%oli:f. 

<3i> o]^^^ ^15,288,344^<H1^ ^t!:, (Zri-xTix)a(Cui-yNi y)bBec ^ sl-^h^^ o.^. S^lS]^ 

^^.^S^i, ojofl, X ^ y^ ^^V^^-^lJl, a, b ^ €^>%o1t^, x^ 0.4 tfl^l H 
^, y^ 0 tfl^l lo]!^, b7l- 10 i^^l 43'?I ^^ofl (100-b) o1*>o1d^, (i) x7> 0.4 i^^^l 

0.6<y a^ 35 ifl^l 75%, b^ 5 i^^l 52%, 5 xfl^l 47%olJl, (ii) x7> 0.6 vfl^l 

0.8<y ^^<^1^, a^ 38 75%, b^ 5 i^^l 52%, 5 ^^1 42%oln^, (iii) x7> 0.8 ^fl^l 

lo] ^-fofl^^ 38 ^^^] 75%, b^ 5 ^41^1 52%, cfe 5 tfl^l 30%^ wj^J^ 7Ha1^>ji 

<32> Dl-^^^ ^15, 288. 34451011^ Stb, ((Zr,Hf ,Ti)xETMi-x)a(Cui-yNiy)biLTMb2Bec ^ 

S. S^ls]^ H]^^^ ^^o] 7llAl£lol ^^c-ll. X ^ y^ ^^>^^<^1J1, a, bl, b2 ^ 

^7.}%o]ii^^ ojol] ((Zr.Hf ,Ti)ETM) aolo:iE^o^ Ti^] ^;<>^^^ 0.7 dI'?]-^!!^, x^ 0.8 1 
o]^, LTM^ Ni, Cu, Fe, Co, Mn, Ru, Ag ^ Pd 
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^d\]X] Aiifls)^ ^^<^l^^<5lDl, ETM^ V, Nb, Y, Nd, Gd, 7]^- s\J^^ Cr, Mo, Ta ^ 

W ^'^l^i ^1^5]^ , 30 ^^1 75%^]"^, (bl+b2)^ 5 tfl^l 52%o]i^ , 6 

45%<^m-. 

<33> nl^s.^ >«115,288,344:^<^1^ ^tb, ((Zr ,Hf ,Ti )xETMi-x)aCubiNib2LTMb3Bec ^ sj-t^-^o.^ 

SAjs]^ H];^^^ ^^o] yflAlsjol ^i^cfl, olnfl, ^^f^^^l^l, a, bl, b2, b3 ^ ^ 
^l-%<5lo^, LTM^ Ni, Cu. Fe, Co, Mn, Ru, Ag ^ Pd ^<^1>H ^^^^ ^^o1^^<^lJl. 0.5 
0.8^]^, ETM^ V, Nb, Y, Nd, Gd, 7lE} sjs.^ Cr, Mo, Ta ^ W ^<=^]^^ -^^5)^ 

S^:^<=>1-^^<^1'^, (i) ETMo] Y, Nd, Gd, ^ ^oflA-] A^Efls]^ ^-f<^l^, a^ 

30 i^fl^l 75%olJl, (bl+b2+b3)fe 6 ^^1 50%<^]J1, bSfe 0 ifl^l 25%oli, bl^ 0 50%'^]31, 

6 tfl^l 45% oln^. (ii) ETMo] Cr, Mo, Ta ^ W ^<H1>H -Jd^^^ a^ 30 vfl^l 

60%olJ7, (bl+b2+b3)^ 10 i^^l 50%olJl, b3^ 0 25%o]JL, bl^ 0 i-flx] x(bl+b2+b3)/2ol 
:iL, 10 i^^l 45% '^]^, (iii) ETM^l V ^ Nb ^<=>\]^^ ^^^^ ^^<=^]^. a^ 30 65% 
<^1JI, (bl+b2+b3)^ 10 vfl^l 50%olJl, b3^ 0 tfl^l 25%olJi, bl^ 0 x(bl+b2+b3)/2ol ji, 

10 i^^l 45% ojcf. 

<34> o]^^^ ;^15,618,359J:<H1^, 5 vfl^] 20 ^;^>%^ Ti, 8 42 ^7.}%2] Cu, Zr ^ Hf 

^oflA^ S^:^^!^^ 30 ^fl^l 57 ^/^>%, ne^Jl Ni ^ Co ^<=^]^^ 

4 xfl^l 37 €^>%» 5L^^>^ wl^^ ^^ol 7llAls)o^ ojcf. 

<35> Dj^^sj ;?fl5,618,359^<^lfe SEtb, Tia(ETM)b(Cui-x(LTM)x) x ^ S 
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A]£]^ a]^^^ ^^o] 7flAl£loi ^fecil, ojnfl, ETM^ Zr ^ Hf ^<=>\]^^ LTM^ Ni ^ 

Co ^<HlAi -tlins)D^, €^>^^<^1^, a, b ^ . 19 i^^l 410] ji, 4 

210] ji, 49 vfl^l 640)0^, 2 < x- c < 14 b < 10+(11/17)- (41-a) 01°^, (i) 49 < 
c < 50 ^ x-c < 8 <=>]JL, (ii) 50 < c < 52 -el ^-f<Hl^, x- c < 9 ^]JL, (iii) 52 

< c < 54 <?] ^-f<^l^, x-c < 10 o]^, (iv) 54 < c < 56 <?! ^^<^1^. x- c < 12 ^]IL, (v) 
56 < c <?] ^-f'^'fl^, x c < 14 olrf. 
<36> t:!]^^^ ^15,618,359:£<^1^ S^, (ETMi-xTix)aCub(Ni i-yCoy)c ^ o.^ S^ls]^ 

al^J^ ^-^o] 7flAl£lcH oj,^^, oju)], ETM^ Zr ^ Hf x ^ ^;^>^#^1 

Jl, a, b ^ €^>%«^1^, x^ 0.1 0.30]^, yc^ 0 vfl;^! 18 ^]JL, a^ 47 vfl^l 67 o] 

JL, 8 42 ojji, 4 ifl^l 37 olc^, (i) 37]- 60 67 ojji c7]- 13 32 <y ^ 

b >8+(12/7)- (a-60) 0]:^, (ii) a7> 60 67 ^iJl c7]- 4 13 ^ ^-f^ll^. b 

> 20+( 19/10)- (76-a) (iii) a7> 47 ^fl^l 55 ^iJl c7> 11 37 ^ b < 

8+(34/8)- (55-a) <^]^. 

<37> nj^ms^ >5fl5,735,975:^<^l^, 45 65 ■^;^>%^ Zr; 5 i^^l 15 ■^;=^>%2l Zn; Ti ^ Nb 

^oflAi A^EHs]^ 4 7,5 ^^1-%; ^elJi Cu, Ni, Co ^ 10 €^>%'^1^>^ 

Fe ^<^lAi i^^V^ «]^^^ ^#0] 7flAl£lol oi^xHl, Cu tfl Ni+Co^ 

1:2 tfl^l 2:1 

<38> D]^^^ ^l5,735,975:£ofl^ 52.5 ^J^\^] 57.5 ^x^>%ol Zr ; Ti ^ Nb #<^1^-1 ^^s] 

^ 5 7 5 g^^] 12.5 ^^V%21 Zn; 15 19.3 Cu; ^s^Jl. Ni ^ Co 

^oflA-l >y^£]^ 11.6 vfl^l 16.4 ^^V%» ^-B-*>^ 7flAlS)(H ojcf. 
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<39> o]^^^ ;^15,735,975J:<^1^ Stb. 56 58 Zr; 5 €^>%^ Nb; 7.5 

12.5 €^>%^ Zn; 13.8 i^^l 17 ^;^>%^ Cu; ns^Jl. Ni ^ Co ^^l^i ^^s^^ 11.2 ^ 
^] 14 ^^>%« i^s^>^ wl^^ ^^^1 7llAls|<i1 ^itq-. 

<40> ol^^5l#^^7]]^i ;^l2003-00628im<^l^, (Zr ,Ti )a(Ni ,Cu,Fe)b^ S.^]S\ 

^ ^]^^^ ^-^^1 7flAl£]o^ 9X^^, <=>]^ 30 vfl^l 95 ^;^>%, ZL^Jl 5 70 ^^}% 

<4i> ol^^^#:^:g.7fl^:a. ;Hl2003-006281lJ:oil^ (Zr ,Ti )a(Ni .Cu,Fe)b(Be,Al ,Si ,B)c^ 

a^ls]^ ti]^^^ ^^o] 7flAl5lol ojt^cll, olnfl, 30 75 ^^>%. b^ 5 ^ 
^1 60 ^^}%, H^JL 0.01 50 ^^Mcf. 

<42> ol^^^#^^7fl^^ /5ll2003-0062811J:<^l^ BEt!:, (Zr ,Ti )a(Ni ,Cu)b(Be)c-^ 

SAjS]^ wl^^^ ^^o] 7flAl5]ol ojnfl, 40 75 €^>%. b^ 5 50 ■^^>%, 

5 ifl^l 50 

<43> ol^^^#^^7fl^ii ^12003-00628115: Stt, (Zr)a(Ni ,Cu)c(Al S 

^l^fe ^^^^l 7l]A]3£]<:H Si^c-ll, o]^^ a^ 40 ifl^l 65 ^^>%, 20 ^^1 30 -^;^>%. 

H^JL 7.5 i^^l 15 

<44> pi^^5l#^^7fl^i ^12003-0062811^<^1^ I£^. (Zr)a(Nb,Ti )b(Ni ,Cu)c(Al 

S^lS]^ til^^^ ^^o] 7llAl5lol ^^c^l, olnfl, a^ 40 ifl^l 65 ^;^>%. b^ 0.01 
10 €;^>%, 20 ifl^l 30 -€^>%, ZL^iJl 7.5 ifl^l 15 
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<45> ;Hl2003-0062811J:oll^ Stir, Zr4iTii4NiioCu 

12.56622.5. Fe72Al5Ga2PiiC6B4 ^ Fe72Al7ZrioMo5W2Bi5 ^ s^^^^S. S.^]^^ wj^j^ ^^o] 

<46> ^ ^^oil^i ^>-8-7>^t}: wl^^ ^^o^ ^ rf^ <:^]-^ (Zr,Ga)a(Ti,P,W)b 

(V.Nb.Cr.Hf .Mo,C)c(Ni)d(Cu)e(Fe,Co,Mn,Ru,Ag,Pd)£(Be.Si.B)g(Al)h ^ S^l^]^ 2: 

^■^^l'^, a+b+c+d+e+f+g+h* 100 ^^}%S. s>S^ nfl , a+b+c^ 15 ^ 

^1 75 €^>%. d+e+f^ 5 1^;=^! 75 ^>^>%, g+h^ 0 vfl;^] 50 w>^^^1-7fl^ 0.01 tfl^l 

50 ^^>%olcf. n <^1^A^^ Zr4iTii4NiioCui2.5Be22.5, Fe72Al5Ga2PiiC6B4, Fe72Al 

7ZrioMo5W2Bi5 -i-ol 01 cf. 

Al^> ifloil a>oi^e]- ^eflojE ^.ai^^s. c^]^^].^ n^^o] a>^s)ji PEMFC^l 

^ ^ 80-130 A]-^ 5LSl-^>E}]o] pH 3 ^^fl^^f 

^-i-^H £.A>^4. '^fliiJE.fil- 711^:^5^ ^-f z^-z^- 0-0. 3V vs 

RHE ^ 0.9-1.2V vs. RHE71- A>-g-^cf. ^^oflA] 14^^ w.^^^^ <:^l^s:>^ 

-^'J]: ^^%<^] ^^^o] ^n^^ #^ol^o.s oi^l-o^ ^P\]7} :?J-^^ o.^Ai 
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7} t^^^^. 

<49> olaitb :n.^*>o^, iSOt:^ ^S.^ 3^1 pH iSl- -g-'^n 

^£7V 20 M/cnf ol^V^ w]:^^ ^V-g-^V^ ^<^1 c]^ w>^3i^l-x:f. 

^cf. ^^^o.^^, ^ ^vt^oll ^V-e-^^ al^^^ -^^ ^S.^, ISOr^^ ^isf 35^ pH 

^■^ 5^-^ -§-^ ^<^l^i ^ 1 M/cnf i^^l ^ 20 M/ciif ^ 9X^. 

<5i> oje-i^ ti]^^ A>-g-^ ^ ^ ^tgo^ ti><5l#e1- l-sfl<^lH^. 130°C^ -BrS.^ 3 

^ pH ^-t S.s\- -%-o^ ^oilA-lo^ ^:£7]. 20 M/ciif ol^rV<a ^ oicv. 

^H^V^O] igo^;^ <a^^^1 ^^^S.^ ^^^^ ^C].. 

<53> o]E.]^ Jl^^V^, ^ ^^^1 ^V-g-S)^ W];^^ 5 [ksi]-[inl/2] o]^o^ 

s^oiA^^ ^ol ti>^3l^>i:].. 

o.^^^ ^ ^T^ofl A>^sl^ w];^^ ^^o^ oi^^ o. o|: 5 [ksi]-[inl/2] ifl^l 20 

[ksi]-[inl/2] ^^H<^ ^ ^cf. 
<55> tij^j^ ^^o] ui-?- ^o.ig^ ^#^o] oi^;5i;^l :^^^<^1 <a- 

^ (compression pressure)^ ^c^^l ^^>^ -^^fl -^;^ls^>^l ^tb^. 

<56> olelt!: 313^*>c>^, ^ ^tgofl A>-g-£l^ a]^^ ^ 1% <il^^ It^^tb^l* 
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^^^^S.^, ^ ^^^^] ^l-g-s]^ wl^^^ ^Tilfe 1% q= 2% 9X 

^ ^^S^ l-£flolH^ PAFC, PEMFC, DMFC ^<^] s.^^o^S. ^-g-^ ^ ^4. ^ 

:n.efl54olH* ^}-%-^ wHl-el- l-5flolS<Hl ^'H'''^, 2-3 mm ^]^^^ ^^^}7]7} 7] 

^ ^7}^^ ^^S. <y:3^^ o]E.]^ ^y?]]s. 9m<^, ^^^^S. ^ ^ i^^l ^ «n7lls] 

MEAl- ^#*H •^'H^lfe 'S^^^l ^^]7W lE^, ii5fl2z|-olH^ ^ 7^0]:^] 

71 nfl^oll H ^Al uflo. o^^c]-. til-^ofl ^ Wl^J^ 5£^^>^ wHl-S)" # 

efl<^lH^, <^1# IT'S 0.3 mm nfl-o ^^j^. 7].^ ^ ojc^ i^el-^i , ^ 

ZLEfllzl-olHSl ^ 3 tiflol^lDV, Hl^^:g A>-g-*]. ^ W>oll-&)- l-eflolH^ ^ 

^ ^^^<^1 til^^^ wVoi^el- #eiloiE^_ ZLEflsl-olE wl-oi^e:}. ^ 

^]o]^d\] wl^l-o^, ^ 7>^«l7l- ^-i-^1 >^^^^>cl-. ^ ^1^21 wHl-el- #el]olH 

1- ^l-§-*>^, wi-g- ^ yl-oil-21- 1-Eil«5m7i- ^M^m wl-§-^ 1/100 oi^>^7}xi 
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<6i> wl-oi^e]. l-EflojEfif Aj-7]o^ ^o^- i.Eflo]H, ^ 

<=HlAi ^1^^>^ cf^ozl- wj-i^ofl o^^H ^ Sicf. 

<63> ^ 'i:^<^lAi ^1^*>^, JL^I wl^^^ ^v^^ i^^>fe wH*ef 

<=>m, l-efl<^lH. #511<^1H ^Bl^^ ^12:*}^ «o^^^, wl^^ ^^^-g- -§- 

^ ^^o]] ^<^^^}^ ^711; ^ ^1-71 ^fltilE^ Lflo^ >^>7l -§-%^, wl^j^ ^A^^ ^«]: ^V^l^^ 

<64> ti]^^ ^£(Tg)titq- 30'C '>ll>«>i lOCC ^-Br ^^^M, 2or 

ti]^^i7]^ ^^o\]^-]. 7><i^q-. olnfl W]^^^ ^1]^^ jzj-i^Z]- ofl^l ^VBfl 

(supercooled liquid state)S ^^cf. aj^j^ 7fl^^ "S^^fl ^^EfloflA-^ 106 K/sec 

^v^^l Vi^^ ^^s. ^§2^- :g^>^ ^Eflofl ni-e^, ^]-7>^ 

^^oll ^<H^ H ^V7>^ ^B.o\] B]€^c^ ^l-^^- (splat 

quenching), (water melt-spinning) Af-g-^ ^ Xl-^M", <^1<^1 ^Itlr^ 

^ 6.5 g/cmS olcf. o] wj-i^^Hl^i A>-g-7>^tb w]^^^ ^^°fl cfl^H ^ttb ^Itb^ ^J^^l 
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A>-g-^o.^M|. #Bfl^ #^^11^ «H#e1- #efl<^lHSl 7}^ >azttb ^:^]^9l ^^^^^ 

^ ^JL. #Eflo^ ji7|.o^ ZLeflSj-olH til-oll-e^ ^g^]ol3» tfl^l^ ^ ^147>, #2fl^ 

EflolHl- ^^^^1 wl^ ti><^ll-e1- #Bfl<^lH7> ^>:^l^m aj-g-^ nfl-f §^ 
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11 

ji^l^Eflo^ Hi^^ ^^o. 9^^.^^]-%- vi[o]s.^ #efl<^lH, ^B. l-eflolH. ^ 

l^i^^^ 21 

4 1 %H1 ^'^H^i, 130°CS1 ^^sq- 321 pH ^^ii #<^lAio^ -^^ ^ 

£71- 20 M/ciif '^l^V'?! ^^-^^ ^a^^^l-g- «Hl-el- #511<^1S, ^s. l-eflolH, ^ 

i^^^^ 31 

^1 1 %H1 SZ^^i, -^M wj^J^ ^^21 sj-oZ^oiA^ol 5 [ksi]-[inl/2] o]^o] ^^o. 
41 

[^^^J- 51 

^1 1 -^Hl Sl<H^i, ^^7l wl:^^ ^^2] 2:>yol, (Zr .Ga)a(Ti ,P,W)b(V.Nb,Cr ,Hf ,Mo,C)c 

(Ni)d(Cu)e(Fe,Co,Mn,Ru,Ag,Pd)f(Be,Si,B)g(Al)h ^ aA]s)ji, a+b+c+d+e+f+g+h* 

100 s>^* xx^, a+b+c^ 15 ^fl^l 75 d+e+f^ 5 ifl^l 75 €^1-%, g+h^ 0 i-H^l 
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i^i^^^ 6] 

^1 5 %H1 9X<^^^, ^^7] w]^^^ ^^s] s^^o] Zr4iTii4NiioCui2.5Be22.5 ^ ^* ^^^S 
7] 

^1 5 %H1 ui;^^^ 2,>;^ol Fe72Al5Ga2PiiC6B4 £E^ 

Fe72Al7ZrioMo5W2Bi5 ^^1.2.^ s]-^ '^^^^^l-g- w>ol$e^- #eflolH, ^efl^lH, ^ 
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